D eclining memory abilities are reported by virtually all older adults and give rise to the greatest number of complaints about aging in older people. The important questions that arise clinically concern the differences between the so-called benign memory losses of healthy aging and the pathological losses associated with Alzheimer disease and other dementias. Also arising are questions such as to what extent can memory loss be used as a diagnostic tool, and (crucially) can anything be done about it? The 2 In Review articles survey what is known about age-related memory changes: first from the point of view of cognitive psychologists Dr Lin Luo and myself, 1 and second from the perspective of a clinical neuropsychologist Dr Lars Bäckman. 2 When does memory decline begin? A rather general answer could be that most people report some problems from their early sixties; however, a study by Park et al 3 showed that some memory functions decline as early as the thirties. Two important points in this connection are first that memory is not one monolithic entity, and second that (paradoxically perhaps) memory is also intimately related to other cognitive functions. On the first point, the article by Dr Luo and myself 1 describes ideas and evidence from cognitive psychology suggesting that there are at least 5 major memory systems, and that these systems show very different rates of decline in the course of aging. Episodic memory (for specific events) and working memory (for information held and manipulated in conscious awareness) typically fall off relatively rapidly, whereas memory for perceptual information, for highly practiced habits and procedures, and for general knowledge (semantic memory) hold up relatively well. The reasons behind these differential patterns of age-related losses are still under active debate; however, 2 suggestions at the cognitive level of analysis are that age-related problems are found especially in situations requiring large amounts of self-initiated processing and where access to highly specific information is required. The notion of self-initiated processing 4 describes cognitive operations that are neither habitual nor well supported by the environmental context; rather, they must be initiated and performed in a conscious, effortful manner, often using new processing operations directed at the specific task. Such operations are typically considered to be frontal lobe functions, and the frontal lobes are known to decline in efficiency in the course of aging. 5 Older people are also penalized when the information sought from memory is highly specific in nature-proper names are an obvious example, but specific episodes from the individual's autobiographical past are another. Older people are relatively unimpaired when retrieving general information about a topic, but do less well when specifics are required. One suggestion here is that knowledge is represented and organized hierarchically, with general commonalities easily accessible at the top, and increasingly specific pieces of information that are less easy to access at the bottom of the hierarchy. 6 The point that memory is related to other cognitive functions is in line with Dr Bäckman's 2 observation that other cognitive abilities such as attention, executive control, learning, and problem-solving also decline in the course of both normal and pathological aging. To some extent this general cognitive decline may reflect the growing inefficiency of general neurophysiological systems-blood supply, neural connectivity, dopamine depletion, poor glucose metabolism, and so forth-but it is also the case that memory integrity both affects and is affected by other cognitive abilities. Brief examples include: attention-paying attention, especially to the meaning and implication of perceived events, is an obvious prerequisite for subsequent memory performance; memory operations involving elaboration and organization are also crucial for good long-term learning; finally, good working memory abilities reflect good executive control functions (frontal lobes again) and affect such higher-level cognitive activities as problem-solving and planning.
Signs of memory decline in older age-both normal and pathological-are clearly tied both to biological and to environmental factors. Age-related brain changes both in structure and in function are well documented, 5 with declining efficiency of frontal and medial-temporal regions being particularly relevant. 7 These factors are discussed briefly in Dr Bäckman's article. 2 The case of synaptic loss is an interesting one when viewed in a lifespan perspective; babies lose huge numbers of synapses as part of normal development; however, this sculpting of learned behaviours through processes of pruning is entirely positive and adaptive, compared with synaptic loss in aging, which is more akin to erosion. Thus the same biological process can apparently have different functions and consequences at different life stages. Other brain-related factors include declining powers to bind new information to preexisting knowledge structures. At a more general level, this lessened efficiency is seen as an associative deficit in older adults, who can remember single items of information but have difficulties relating names to faces, or acquired information to its specific context of occurrence. 8 Older people also have problems encoding information distinctively, which would normally allow for easier later retrieval. A possible mechanism for this ability and its age-related decline is provided by Shu-Chen Li and her colleagues 9 about dopamine-related modulation of cortical networks.
The advent of functional neuroimaging has greatly accelerated progress in the cognitive neuroscience of memory, and one striking finding in this area is that whereas retrieval of episodic memories is associated with activation of right-frontal areas in young adults, the same cognitive operations in older adults tends to activate both right and left frontal areas. 10 One account of the shift to bilateral activation is that homologous areas in the opposite hemisphere are brought into play as compensation; another suggestion is that cortical representations of various skills and abilities shift from bilateral to focally unilateral during childhood, and that this process reverses during aging. The research is still unclear as to whether greater degrees of bilateral representation are associated with relatively good or relatively poor performance. 11 One final point about brain aging is that the cognitive deficits seen in normal aging are quite similar to the cognitive deficits associated with Parkinson disease and Huntington disease (and indeed with Alzheimer disease 2 ). These similarities may shed light on the brain-behaviour relations associated with aging, or they may simply indicate that some cognitive functions-such as episodic memory-are sensitive to a wide variety of predisposing conditions, in much the same way as an abnormally high body temperature may be caused by a variety of somatic ailments.
It is important to note that the internal biology interacts with external environmental and social factors, both to produce ongoing behaviour and also to shape further changes in the brain itself. The interesting notion of "cognitive reserve" championed by Yaakov Stern 12 proposes that engagement in stimulating intellectual, social, and physical activities confers a degree of immunity against the effects of aging and mild dementia on cognitive functions including memory. Expertise in skills such as bridge and chess brings superior memory abilities in the relevant domain, and such skills survive into old age, 13 although it is unclear whether the superior memory abilities generalize beyond the domain of expertise to memory and other cognitive abilities. 1 The downside of this effect occurs when an older individual moves into sheltered housing-cognitive abilities may suffer a temporary setback until the new environment becomes established in the individual's mental representations and routines.
Finally, what are the clinical implications of research on aging and memory? Dr Bäckman's article 2 focuses on the transition between normal aging and dementia, making the point that episodic memory loss is typically the first sign that something may be amiss. In this connection, he makes the interesting point that relatively poor episodic memory may be an early marker for mild cognitive impairment; but equally, older adults with poor memory abilities may be at risk to develop dementia. That is, it is unclear whether the dementia results in poor memory or whether causation runs in the other direction. Dr Bäckman's other important points deal with the fact that some symptoms are detectable much earlier than the date of official diagnosis; also that while memory problems are certainly salient markers of dementia, other cognitive functions (speed of processing, executive functions) also decline. An important problem for research is whether this cluster of cognitive problems has a common cause, or whether each ability reflects some specific neural impairment. The fact that such clusters occur underlines Dr Bäckman's 2 suggestion that dementia is best assessed and diagnosed on the basis of multiple indicators-including cognitive tests but also on the basis of other indicators. Dr Luo and myself 1 discuss memory assessment and the probability of improving memory in old age. Perhaps the main point about assessment is for the clinician to be aware of the different aspects of memory and to select instruments that test the appropriate function. Interest in techniques of memory rehabilitation is growing; however, the problems are difficult and progress is slow. At present, there are essentially no pharmacological interventions that improve memory reliably. 14 Cognitive techniques can be effective 15 ; however, there are problems of generalization to different situations, and also problems of compliance-the techniques are laborious and effortful. The best chances of success still lie with the common sense approaches of enhancing cognitive reserve and maximizing the contextual support provided by the patient's living environment.
